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REYNOLDS NUMBER OF 6.8 X 106

By Gerald V. Foster and James E. Fltzpatrick
SUMMARY

An investigation has been conducted In the Langley 19—foot pressure
tunnel to determine the separate and copblined effects of high—lift and
stall—control devices, a fuselage, and the vertical posltlion of a swept—
back horizontal tail on the aerocdynamic characteristics of a 52° swept—
back wing. The wing had an aspect ratio 2.88, taper ratlo 0.625, and
NACA 64,—112 alrfoil sectlons normel to the 0.282—chord line. The high—

1ift and stall-control devices conslgted of spllt flaps, leading-edge
flaps, and upper—surface fences. These test data were obtained at a

Reynolds number of 6.8 X 106 which corresponded to a Mach number of 0.13.

The results of the investigation indlcate that the increase in

"maximum 11ft of the wing with leading—edge and tralling—edge flaps was

slightly larger than the sum of the 1ift Increments contributed indi-—
vidually by the flaps. The stablllity of the wing in the moderate 1ift—
coefficient range (0.7 to 0.9) was decreased with leading—edge flaps
and beyond thls lift-coefficlent range the wing stall spread outboard
resulting in further decrease 1n steblility. The tip stall and resulting
unstable pitching moment which occurred with leading—edge fleps on the
wing were improved with upper—surfece fences. Upper—-surface fences

cesnged the pitching-moment curve of the wing with 0.575%—span leading—

edge flaps end split flaps to break in a steble direction at the maximum
1ift.

The fuselage decreased the stability of the stable wing conflguration;

whereas, the fuselaege had negligible effect on the stability of the
unstable configurations.

The horizontal tall Increased the stablllity of the wing-fuselsge
combination in the lineesr 1i1ft range; however, the Increase in stebllity
decreased as the position of the tall was lowered. In the nonlinear
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11f% range, the high tall position contributed a destabilizing effect ..
whlle most configurations indicated an Increase 1n stability with the
tall . In the low posltion.

INTRODUCTION

Means of counteractlng the 1lnherent dilsadvantages assoclated with
swept wings operating st low speeds are belng investigated in the
Langley 19—foot pressure tunnel (references 1 to 4). As e part of this
investigation, tests have been made to determine the longitudinal
stability and yaw characteristics at large values of Reynolds number—
of a 52° sweptback wing of aspect ratio 2.88, taper ratio 0.625,
end NACA 6&1—112 alrfoil sections perpendicular to the 0.282—chord line.

The longitudinal stebility characterlstice of the wing with and without
split flaps have been presented in reference 5 and the yaw characteristics
have been presented in reference 6.

The present paper conteins the results of the longitudinal stability
investigation concerned with the separate and combined effects of high—
1ift and stall—control devices, a fuselage, and the vertical position of
& sweptback horizontal tail. The high—1ift and stall-cantrol devices ¥
consisted of-split flaps, leading—edge flaps, and upper—surface. fences.
The fuselage was tested in a low—wing and midwing position. The tail
was tested at various vertlcal locations for both wing—fuselage combine— N
tions. The date presented herein-were obtained at s Reynolds number

of 6.8 x 106 which corresponded to a Mach number of 0.13.

SYMBOLS
Cp. 11ft coefficient (Lift/qS)
Cp drag coefficient (Drag/qS)
Cm pltching—moment coefficlent; moment about the quarter chord
of meen aerodynemic chord (Moment/qSE)
o angle of atteck of wing chord, degrees
S wing area, square feet

b wilng span, feet
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c

mean aerodynemic chord measured parallel to the plane of
b/2

symmetry, feet §, c2 ay
0
local chord measured parellel to the plane of symmetry feet
spanwise dlstance from plane of symmetry, feef

free—stream dynamic preesure, pounds per square foot (%ﬁve)

mags density of alr, slugs per cublc foot
free—stream velocity, feet per second
effective downwash angle, degrees

ratlo of effective dynamic ﬁressure at the tall to free—
stream dynsmic pressure

incldence of horizontal tall with respect to wing chord
plane, degrees

perpendicular distance between the wing chord plane extended
and the tail 0.25¢ polint

effectliveness of horlizontal tall on wing—fuselage combiration
at CL =0

angular difference between the two Incldencea of horlzontal
tail used

MODEL

The general arrengements for the wing equipped with leading-edge
flaps, split flaps, upper—surface fences, fuselage, and a horlzontal
tall are presented in figures 1 and 2.

The wing had 52.05° sweepback at the leading edge and NACA 64 —112
airfoil sections normal to the 0.282—chord line of the wing. The

asgpect ratlio and taper ratlio of the wing were 2.88 and 0.625 respectively.

The wing had no twist or dlhedral.
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The congtant-chord leading—edge flaps were investligsted with spans
of 0.575% and 0.725%. The outboard ends of these flaps were located

at 0.975 percent of the wing semispan. The angle of the flap chord with
respect to the wing chord amounted to 50° meesured in a plene normal to
the 0.282-wing—chord line.

The split flaps, measured in & plane perpendicular to the 0.282—
chord line, hed a chord equal to 20 percent of the local wing chord and
were deflected 60° from the wing lower surface. The span of these flaps

extended outboard 0.505 from the plane of symmetry for the piain wing

and low-wing—fuselage combination. With the midwing fuselage configu~—
ration a section of the flaps (30 percent of the flap span) was removed
to allow for the fuselage.

The upper—surface fences were of & constant height of- 60 percent of
the maximum local airfoil thickness and extended over 95 percent of the
airfoll chord measured from the tralling edge.

The circular fuselage had a meximum diemeter of 34.8 percent of the
root chord and a fineness ratlio of 10.2. The profile of—the fuselage is
defined in reference 1, Two wing positions relative to the fuselage
center line were tested. For a low—wing position, the 28.2-percent wing—
chord line was 37.8 percent of the maximum fuselage diameter below the
fuselage center line. With the midwing fuselage combination, the 28.2-
percent wing-—chord line was located on the fuselage center line. Fillets
were not used at the wing-fuselage Junctures. A poslitlve incildence
of 2° existed between the wing-chord plene and the fuselage center line.

The horizontel tell used during these tests had 42,05° sweepback at
the leadlng edge, an aspect ratio of 4.0l, & taper ratioc of 0.625, and
NACA 0012-6L airfoil sections parallel to the plane of symmetry. The
vertical location of the tall 1s defined as the perpendicular distance
between the wing-chord plane extended and the tall 0.25C point (see
fig. 2) and was adjJustable by means of the strut to which the tall was
attached. The 1lncidence of—the tail is referred to the wing.chord plane
end was changed by rotation about a line through the 0.25¢ of the tail.

TESTS AND CORRECTICNS
Tests
Al]l tests were conducted with the alr in the tunnel compressed to

an sbsolute pressure of approximately 33 pounds per squere inch. Based
on the wing mean aerodyngmic chord, the Reynolds number of the tests
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was 6.8 X 106_ which corresponded to a Mach number of 0.13. Figure 3 shows
one of the wing—fuselasge combinations mounted in the tummnel.

Measurements of the aerodynamic forces and moments were obtained
through an angle—of—attack range from —4° to 28°, except for the midwing—
fuselage combinetion and some wing—fuselage comblnatlions with the hori-
zontal tall where the maximum angle of attack was 1° or 2° lower. Inm
addition, visual observations of the stall were obtalned for several
model conflgurations by means of tufts attached to the upper surface of
the wing.

Tables I, II, and IIT may be used as a gulde to the varlous
arrangements of wing, flaps, and tall tested.

Corrections 2

The test data are presented In nondimensionel coefficlent form and
have been corrected for the effects of the tare and interference of model
supports and alr—stream missllnement. dJet—boundary correctlons based on
the method presented In reference 7 have been applied to the angle of
attack and drag coefficient. The pltching—moment coefficlents have been
corrected for the distortion of the wing loading induced by the tunnel.

RESULTS AND DISCUSSION

Wing Configurations

Leading—edge flape and split flaps.— The effect of the leading—edge

fleps on several aerodynamic cheracterlstics of the wing wlth and without
split flaps are shown in figure k. The more important results of these
data have been summarized in table T.

The values of maximum 1lift coefflicient presented in table I indicate
that the sum of the increments of maximum 1ift contributed by the split
flaps and leading—edge flaps (based on plain wing) considerably under—
estimated the increment of maximum 1ift obtained when the wing was tested
with both flaps deflected slmulteneously. Slightly higher velues of
meximum 1ift were obtained on a 42° sweptback wing equipped with similar
flaps (reference 1), and the sum of the individual increments of maxirmum
1ift slightly overestimated the incremsnt obtained from the combinetion.

It can be seen from figures L4(a) and Lk(b) that for the wing without
leading—-edge Flaps wlth or without split flaps deflected a marked increase
In stablllty is obtalned through the 11ft range up to a CL of about 0.9.

This increase 1n stability l1s associated with & rearward movement of

center of pressure which could be attributed, as pointed out in reference 5,
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to emall increases in 1lift near the tip caused by the actlion of the

vortex flow over the outer portlon of the wing. A further increase in *
angle of attack resulted in complete separation of flowat the tip 7 i
(fig. 5) and accompanying instabiiity. ‘

When the leading-edge flaps were deflected, the stabllity in the
1ift range up to a Cp of-about 0.9 was decreased (figs. 4 and 5). It

can be seen in Pfigure 6 that through the linear 1ift range the additions
of leading—edge flaps resulied in forward shifte of the aerodynamic
center up to 5 percent of the mean serodynamic chord. The decrease in
gtabllity in the low 1ift range (CL up to O.T) is attributed to the

unstable moment contributed by the leadlng-—edge flaps and in the moderate
1ift range (pL = 0.7 to Cg, = 0.9) to the Inabillty of the leading—edge

vortex to form wlth the leading-edge flap present. Although the leading-—
edge flaps caused the initial stall to occur at the inboard end of the
flap, the stall spresd outboard with the result that instability was
obtained at meximum 1lift. A previous investigation of a 42° sweptback wing
indicated similisr decreases In stability in the low and moderate 1lift
range with the addition of leading—wdge flaps (reference 2). With either

the O.575%—span or the O.725%-span leading—edge flap, stall studles

of—the 42° sweptback wing indicated that the stall alsoc began at the

inboard end of the flap but 1t spread inboard more rapldly than it spread .
outboard, thereby effecting & stable break in the pitching-moment curves
(reference 1).

Upper—surface fences.— The effects of upper—surface"fences on the
aerodynamic characteristice of several model configuratlions have been
briefly investigated and the results are presented 1In figures T to 9.

It was found that fences placed separately at spanwise location of 0.305—

span and_O.hS%-span stations had a neglligible effect on the asrodynamic

characteristice of the plain wing and therefore have not_begn presented.

The results obtalned with the O.575%35p&n leading—edge flaps indicate
that fences locatgd_Q.Oé% outboard of the inboard end of_the flaps
(P.h5%—spanwise station) delayed tip stall end produced a stable pliching—~
moment slope to just below CLmAx‘ (figt 7). When split flaps were

deflected the stability was decreased slightly in the high~-1ift range
prior to G s Dbeyond whlch however the pliching-moment curve broke

in a stable dlrection. Although the angle of attack was Increased
epproximately 50 beyond that at which the piltching—moment curve broke
stable with only a very small reductlon in Crp.y, 31t is belleved that

further increase of angle of attack would result in an unstable condition.
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Two spanwise positions of the fence were tested in conjunction with
the O. 725— -gpan leading—edge flaps and eplit flaps (fig. 8). Although
the results are not as favorgble as those for the 0. 575—~span leading—-
edge fleps, there was an improvement in stabllity prior to CLmax;
however, at or near chax’ the moment curves broke in an unstable

direction. It can be seen Iin figure 9 that the tlp stall is delayed but
not as effectively as for the short—span leading—edge flap.

Wing-Fuselage Configurations

Several wing configurations were tested in conJunction with a fuse—
lage (figs. 10 to 14) in a low-wing position and midwing position. The
results of these tests have been summarized Iin teble II. No fillets
were used at the wing—fuselage Junctlions for either configuration and
therefore local effects at the Junctures may be severs.

The fuselage in the low—wing position caused very small changes in
11ft throughout the angle—of—attack range for either the plaln—wing or
flapped—wing configuration. The fuselage In the midwing position had 1little
effect on the 1ift of the plain wing but 1t did result In lower values of
1ift prior to (g for the configurations with split flaps deflected.

The reduction in 1ift 1s due to the removal of 30 percent of the split—
flap span to allow for the intersectlion of the fuselage. It is of interest
to note, however, that even with the center portion of the spllit flaps
removed the values of maximum 11ft obtalned with the midwing position were
equal to or slightly greater than those obtained for elther the flapped
wing alone or low—wing position. It is believed that the Juncture of the
midwing conflguration ls more favorable than that of the low-wing positiaon,
although the reason for the increase In 1ift over that obtained with the
wing with the fuselage off 1s not readily apparent.

The data shown in figure 10(a) for the unflapped wing indicate that
the drag increase due to the fuselage 18 very smell and is relatively
independent of wing position. For the flap—deflected configurations
(figs. 10(b), 11, and. 13), an appreciable Increase in drag attributable
to the fuselage for the low—wing positlon occurred, whereas. for the mid—
wing position the resulis Iindicate a dreg variation comparable to that
of the fuselage—off confilguration with splilt flaps.

In the linear 1lift range the fuselage caused a slight rearward shift
in center of pressure and a small decrease in stabllity of the unflapped
wing (fig. 10(a)). When the split flaps were deflected, the results for
the midwing position show a relatively large rearward shift in center of
pressure which can be attributed to the removal of the center portion of
the spllt flaps (figs. 10(b) and 11). The effect of the fuselage on the
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locatlion of the aerodynemlc center 1s presented in figure 12 and indicates
that the fuselage caused a small forward shift in the aerodynamic center
in the low and moderate 1lift ranges. The stabllity prior toc and

at Cg was 1ittle affected by the presence of the fuselage for all

configurations except when the flaps were deflected and fences were added.
The date for the flaps—deflected configuretion with fences (fig. 13)
indicate, at or mear Cjp » the stabillty of the wing was reduced with the

addition of the fuselage. A comparison of the stall patterns (figs. 9

and 14) does not provide an explanation for the change in dirsction of
pitching-moment break although this mey be due to an inability to recognize
small shlfts In center of pressure by tuft observation. Even though the
fences with ‘the fuselage present did not provide the stability obtained_
without the fuselage, they dild improve the stabllity up to Cr

(compare figs. 11 and 13).

The results of tests of other fence locatlions and combinatiqns are
Presented In table IT. A combination of fences located at O. 30——span

and O. k5—-span stations or 10 percent farther cutboard had a negligible
effect on the stabllity in the high 1ift range.

Wing—Fuselage-Tail Configurations

The effect of & tall, located et severel vertical positions, on the
1ift and pitching-moment characteristics of various wing—fuselage combi-
nations is presented in figures 15 and 16. The deta presented are for
only one of the two tail incidences tested. A summary of the pitching-
moment characteristics is presented 1n table IIT. Varlatlions of effective
. downwash and dynamic—pressure ratlo have been included in these figures.
The values of effectlve downwash were determined from pitching-moment
data with tall on and tall off. The values of effectlive dynamlic-—pressure
ratio were determined from the tall effectlveness obtained from tail—
on tests and are based on values of (Cmit) at zera lift (table IV).

0
The elope of the downwash curves through the linear 1i1ft renge is also
presented in table IV.

Linear 11ft range.— The strong influence of the fuselage on the
effective downwash can be seen by an Inspection of the downwash curves in
the vicinity of zero 1lift (fig. 15). The tail in & position below the
fuselage 1s operating In en effective upwash of approximastely 2% vhile the
tail in a position Just above the fumelage 1s operating In an effectlve

downwash of 2°. Even for the highest tail positions (that 18, 0.5 bhe)
the influence of the sharp afterbody of the fuselage 1is pronounced.
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. Comparing the steblllty obtalned with the tail on to that obtained
with the tail off, the results indicate that through the lineer 1ift
range the stability (as measured by dCp/da) was greatly increased by
the presence of the tall. The increase 1n stability decreased at each
successively lower tall position (table IIT and fig. 17). As the tall
was moved from the high to low position, the aerodynamic—center location
was moved forward es much as 7 percent of mean asrodynsmic chord. Inas—
much as there 1s a negliglible variation of ‘lt/‘l through the angle—

of—attack range for all tall posiltlone tested, the change in stebility
between the various taill positions can be associated with the increased
valuss of d-e/d.o-. for the low tail positions (table IV). "These results
are, in general, comparable to those obtalned in a similar Investigation
with a 420 sweptback wing (reference 8) and also to those obtained from
surveys behind a 420 sweptback wing (reoference g).

Nonlinear 1lift rangs.— At high 11ft coefficlents the tall in the
high position was operating in a field of greatly lncreased de/d.cz. and
was becoming enveloped in a wake with the result that the tail actually
contributed a destebilizing effect (figs. 15 and 16). The stability
contributed by the tail in the low position was in most cases increased
in the nonlineer 1lift rangs over that in the llmsar 1ift range because
of the reduced values of de¢/da and the reduced effects of g/q.

The stabllity contributed by the tell was not apprecilably altersd
when the flapes were deflected (fig. 15). The differences in stability
are confined to the dlifferences obtalned for the tall-off configurations.

The results indicate that the tail in & position below the
fuselage gave the most desirable lncrease in stabllity throughout the
1lift range. It should be mentioned, however, that & fuselage afterbody
having a more gradusl taper and an improved fuselage—wing Juncture might
Increase the effectiveness of the tall in the high positions.

In general, the stabillizing effectiveness of the tall is
approximately the same for the present wing and the 420 sweptback wing
of reference 8; however, the complete configurations for the 42C swept—
back are more satlsfactory because of the greater stablility of the
wilng—fuselage comblnations,

CONCLUDING REMARKS

The results of & longltudinal—stability investligatlion of
a 520 sweptback wing tested in various cowmblnatlions wlth high—lift and
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stall-—control devices, a fuselage, and a sweptback horizontal taeil
Indicate that:

1. The increase in maximum 11ft of the wilng ettained with leading-—
edgo and tralling-edge flaps in combination was slightly larger than
the sum of the lift increments contributed individually by the Plaps.

2. The addition of leading-edge flaps to the plaln wing or to the
wing with split fleps caused a decrease in stability in the moderate
lift—coefficlient range (0.7 to 0.9). Beyond this lift—coefficient
range the wing'stell spreads outboard, resulting in further decrease in

stebility.

3. Upper—surface fences with leading-—edge flaps delayed the tip
stall and produced a steble pitching-moment slope to Just bslow the
maximum 11ft coefficlent. PFences caused the pltching—moment curve of

the wing with O.575%—Span leading—edge flaps and split flaps to breek
in a stable direction et the maximum 1ift coefficient.

L. The fuselage decreased the stablility of the stable wing configu—
ration; however, it had a meglligible effect on the unstable wing

configurations.

5. The horizontal tail increased the stablility of the wing—
fuselage combination in the linear-11ft range; howeven the increase
in stability decreased, aB the position of -the tail was lowered. In the
nonlinear lift range, the high tell position contributed & destablllzing
effect while most configurations indicated an increase in stabllity with

the tall in the low position.

Langley Aeronautical Laboratory
National Advisory Commlittee for Aerocnautica

Langley Fleld, Va.
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TABLE I.— SUMMARY OF AERODYRAMIC CEARACTERISTICS (F A 52° SWEPTBACK WING WITH AND WITHOUT

VARIE EIGE~LIFT AND STALL-CONTROL DEVICES

“Marimm angle of attack tested.

L.Spun Dé!. st
contiguration  [1bpe] Cmex (oo | or Op-oharactaristics Type of | F1
(5/2) Tmax | “lmax Gropeak | ‘nee
0 5 G 2.0 15
D S am—— /_
orr | 1.2 ) 27.1 | o.190 %W L(a)
-.1
_ =
e f
725 | 1.24 [®28.2 | .189 La}
(c-
N Z }
=
575§ 1.7 [®28.2 | .95 / Lia)
725 1 1.56 | 27.0 | 184 / L(v)
¢ \ . : - /
575 1 1.32 | 27.3 | a9k — N
\ ore | 1.15 | 22.1 | .165 N = Liv)
Kl 575 | 1.10 ["28.2 | as7 / 7
Fonces at 0.43h/2
T
(@‘ 575 | 1.27 | 24.0 | 176 _—’_\-7 /_ 7
Fencea at O.k5b/2
} : +—
725 F 141 f 26y | 189 —_— T~ /\ 8
Fences at 0.30b/2
t { \‘F /\
y 725 | 1.35 | 26.5 | .182 f\J 8
Fences at O.h5b/e
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TAELE H-—MWWCWMWASEQWWMMMW

VARIOGE HIOR-LIFT AED STALL-CONTROL DEVICES

13

Span D/L at
by °§1L.E. g..c 60.85 C_~-characteristics Ty of | Fi
D £ -] -
Conriguration position | 1808 | Opygy ®Lnex | “Tnax o °:,E.P°'k -
0 5 S 1.0 1.5
23 t t t
Mid ofr 1.27 | 26.6 {0.223 |c, / 10(a)
-.Ir '
[ o
Low ot | 1.1k | 26.0| .203 / 10{a}
I TR ¥ -
! LI il
Mid orr 1.17 | 2h.0| .170 . - 20(b)
C? T
Low ore | 1.10{ 21.7 | .16% ’—_‘\f /\- 10(b}
T
. , /
T o L
Mia .575] 1.34 | 26.8| .210 / 1
4
Tow 5750 1.3 | 26.3) 97 / n
- -+ + T
Mid 575 1.39 ["27.4 | .213 . — / 13
—~ ; —~+
Low 5750 1.31] 2h.3] .191 —_— / 13
Fencen at O.h%/2 +
'Y : Low .575] 1.2 21.3 .'185 / R,
Fences at B
0.30b/2 end 0.45b/2 ’
Low 5750 1.22] 21.7| 138 ——/—\\l / -—--.
Fonces at .
0.40b/2 and 0.55b/2 [

CMaximm engle of attack tested.

é
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TABIE III.— SUMMARY OF PTTCHING-MOMENT CHARACTERISTICS OF A 52° SWEPTBACK WING IN
COMBINATTON WITH A FUSELAGE AND HORIZONTAL TATL
configuration Tall helght,
percent b/2 above chord plane Cy~characteristics
Flap Wing extended
v
L
o] -)+ .§ 1J-2
——m= > Teilofr E— :
” oy ‘——-\\“,/’
~eli
— \ , 5 :
< 50.2 \/
- \ : [ IE
ore  fua | w372 {7
. I\ 1 L
= 96 l \/
= ; t +
== CTh
—==— mn o —
———
+
—— \ X : :
e | <———— 50.2 ‘\/
0.5758 "
apan - 57_2 + +
L.E. flap, ® '\/}
Split flap, 4
end fences \
at(Lh5g 19.6 I ; '
: 5 L \_\
Y 4 L .
* 1 T
<. A = -7 'h
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TABLE ITT.— SUMMARY OF PITCHING-MOMENT CHARACTERISTTCS OF A 52° SWEPTBACK WING IN

COMBINATION WITH A FUSELAGE AND HOURTZONTAL TAIL — Comcluded

Configuration Tall height, i
Plap Wing percent b/sxt:ztig\sr; chord plane Cp—characterlistics
= = — - =
ol B s 1.2
< > Tall off Cn
-
< 61.5 i \/
pr— l\ 1 L )
ore frew | <o 183 I T~
\l 1 T
P —— 50.7 -\/ t
 —— = 5.7 + \
< e > Tall off - —
— &5 l\\/
0-575;—-3:9&1 Low
:'.1'::' Syt 20.7 \ ; )
1L T —— . N
fhpap .t ’ \/
T } }
= 37 \
< > Tall off ' - -
< — 61.5 S~ —
| \
b
0.5753-spen
-B. flap, -— \
=it riap, | zow  — 8.3 : + :
e \S
at O.l;.‘5.E +
2 \
T — 50.7 i + ‘\_’
‘\ , .
_— 5.7 \
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TABIE IV.- MEASURED VALUES OF d€/do IN THE LINEAR LIFT RANGE
Configuration
(=2)o ooy as/ae
Fuse Flaps Posi‘titg;ll /gg tall 23
0.502 0.0153 | 3.6 |0.36 increasing to 0.51
372 01471 3.6 51
orf -
.196 .0153| 3.8 | .51 increesing to .65
—.07h 01251 4.k .52
Midwing
0.575%_5pan .502 .0155| 3.6 | .4l increasing to .50
L.E. flaps, .372 .0159 | 3.4 .50
split flaps,
and fences .196 .0158} 3.6 | .51 increasing to .62
—.0Th .0130| 4.0 | .55 decreasing to .47
615 0158 3.6 .43
183 0152} 3.5 42
off «307 0156( 3.6 .53
-037 0153| 3.6 .60
.615 0134| 3.8 .36
0.5752-span
2 U830 ) meeee- it Rt e b DL L Bt
L.E. flaps
and split . .
Low—wing fleps .307 0138} 4.0 36 increasing to .68
.037 0130| 4.3 ST
b .615 0132} 4.1 37
0.5752-—span v
L.E. flaps, 483 0146 | 3.9 .
iiiiﬁeﬁiiﬁs’ .307 o1kh| 3.9 | .43 increasing to .55
.037 O1hkl} k.1 .62
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Figure 1.~ Details of a 520 sweptback wing with fuselage and horizontal tail. Wing: aspect
ratio = 2.88; taper ratio = 0,635; area = 4429 sq in.; & = 39.97 in. All dimensions in
inches. :
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Figure 2.- Vertical position of horizontal tail with respect to chord plane of wing; mid—a.lnd

low-wing-fuselage combination,




(2) Front view.

Figure 3,- A 520 sweptback wing-ffiselage combination in the Langley 19-foot pressure tunnei.
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(b) Rear view,

Figure 3.- Concluded,
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(a) Split flaps off.
Figure 4,- Aerodynamic characteristics of a 520 sweptback wing with and witheut leading-edges flaps.
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(b) Split flaps on.

Figure 4,- Concluded.
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(b) Leeding—edge flaps on

(2) Leading—edge flaps off

Figure 5.— Stall studies of a 52° sweptback wing with and without

0.575% span leading—edge flaps; split flaps deflected.
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(b) Split flaps on.

Figure 6.~ Variation of aerodynamic center with lift coefficient for a 520
sweptback wing with and without leading- and trailing-edge flaps.
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Figure 7.~ The effect of split flaps and upper-surface fences on the aerodynamic characteristies of a
520 sweptback wing with 0.5'755_ —span leading-edge flaps.
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Figure 9,- Stall studies of 52° sweptback wing in combination with leading-edge
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Figure 10.- Aerodynamic characteristics of a 520 sweptback wing with fuselage on.
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Figure 10.- Concluded,
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Figure 11,- Aerodynamic characteristics of a 520 sweptback wing with split flaps, 0.5'75% —span

leading-edge flaps, and fuselage,
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Variation of aerodynamic-center location with lift coefficient
a 520 sweptback wing with several fuselage positions.



14 . o - A
; b5
12
10
8
6 - Teoacion
G:L - ' i low-wing
. midwing
4 o off
iy : LM
71 ' T
0 ] % ¢
S NACA
-4 . | L 1
-4 0 4 @& 12 6 20 24 28 , 0 =04 -08
@, dog 04 08 18 U6 20 24 .28 32 .36 40 44 G
Cp
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Direction of airflow

Stall studies of a 520 sweptback wing with low-wing fuselage,
pan leading-edge flaps, split flaps, and upper-surface fences.
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Figure 15.- Effect of a horizontal tail on the aerodynamic characteristics
of a 520 sweptback wing with fuselage; midwing combination,
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Figure 168.- Effect of a horizontal tail on the aerodynamic characteristics
of a 52° sweptback wing with a fuselage; low-wing combination.
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Figure 16.- Continued,
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Figure 16.- Concluded.
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